other compounds found in healthy cell walls (Cochrane et al., 2000) , as well as from a number of compounds only where the resulting emission and excitation spectra overlap (Vo-Dinh, 1982). By combining the separate characteristics of autofluorescent emission of visible light by plant tissues with the light-absorbing ability of carot-B rown rice is rice that has been hulled but not milled enoids, we developed a rapid, nondestructive technique so that the bran layers around the endosperm reable to determine the presence of carotenoids in a single main. Brown rice is considered to be a healthful food rice kernel. This technique also has potential uses for source as it contains a number of nutrients not present studies of living, rare, or difficult to separate plant tissues. or present at low quantities in endosperm (white rice) alone. However, bran also contains a number of antinutritive factors, including phytic acid, trypsin inhibi-MATERIALS AND METHODS tors, and hemagglutinin (Juliano, 1994) . Rice bran also Synchronous Fluorescence Spectroscopy contains carotenoids Saunders, 1990; Juliano and Bechtel, 1994) , though not To ensure that we were detecting changes in light absorbance Published in Crop Sci. 45:1786-1789 (2005 in our sample measurements, and not just an altered backCrop Physiology & Metabolism Note ground, we measured the light emitted over a wavelength range
Fluorescence spectroscopy is a highly sensitive tech- only where the resulting emission and excitation spectra overlap (Vo-Dinh, 1982) . By combining the separate characteristics of autofluorescent emission of visible light by plant tissues with the light-absorbing ability of carot-B rown rice is rice that has been hulled but not milled enoids, we developed a rapid, nondestructive technique so that the bran layers around the endosperm reable to determine the presence of carotenoids in a single main. Brown rice is considered to be a healthful food rice kernel. This technique also has potential uses for source as it contains a number of nutrients not present studies of living, rare, or difficult to separate plant tissues. or present at low quantities in endosperm (white rice) alone. However, bran also contains a number of antinutritive factors, including phytic acid, trypsin inhibi-MATERIALS AND METHODS tors, and hemagglutinin (Juliano, 1994) . Rice bran also Synchronous Fluorescence Spectroscopy contains carotenoids Saunders, 1990; Juliano and Bechtel, 1994) , though not Synchronous fluorescence scans (⌬ ϭ 10 nm) were performed on a Spex/JY Horiba Fluoromax 3 fluorometer (Jobin in every cultivar (Juliano and Bechtel, 1994) . ConcurYvon, Inc., Edison, NJ) using slits at 2-nm (excitation) and rently with another study to develop and identify brown where carotenoid absorption declines rapidly, rather than usMature variegated leaves of the ornamental bush Eunonymus japonica 'Auroo-Marginata' were picked fresh for fluoresing only a measurement at a single wavelength. Points on the envelope of the spectrum at 505 nm and 565 nm were concence quenching measurements. Measurements were made from visually similar areas of yellow or of light, medium, or nected with a line (Fig. 1 ). The areas above and below the line were integrated separately; the area above the line was dark green in each of five leaves. A bicolor ear of fresh sweet corn (Zea mays L.), purchased locally, provided both the yelassigned a positive value and the area below the line a negative value. The sum of these values was the net integrated fluoreslow and white kernels for fluorescence quenching measurements. The corn pericarp and/or outer endosperm of 10 replicence intensity (NIFI in Fig. 1 ). In this wavelength range, the amount of carotene strongly influences the shape of the cate kernels were removed manually for measurement of the different tissues. spectrum since carotene quenches (absorbs) the fluorescent light at the 505-nm end of the analyzed region but not at Etiolated rice plants were obtained by sprouting and maintaining rice plants in a cabinet in a dark room. Other seeds 565 nm.
were sprouted and maintained in the greenhouse at the same time. The fully emerged second leaf was tested while still
Sample Preparation
attached to the plant. The etiolated plants in their containers For the concentration curves of fluorescence quenching were small enough to fit into the sample area of the fluoromeby carotenoids, solutions of various carotenoids were spotted ter. The leaf to be tested was positioned on the solid sample onto milled, untreated white rice kernels. The carotenoids holder with adhesive tape outside the optical path. The etio-␤-carotene, lycopene, and lutein were dissolved into chlorolated plants were put in a greenhouse after the initial reading form. Their absorptions were measured at their maxima of and measurements were made at 1-h intervals thereafter. One 460, 487, and 445 nm, respectively, and their concentrations carotenoid measure was made from each of five replicate were calculated using the absorption coefficients for that carotplants at each time point. enoid (Britton, 1995) . Further dilutions were made using absoRice kernels, which are smaller than the chamber of the lute ethanol instead of chloroform to minimize residue formasolid sample holder, were fixed into place using black modeling tion on the rice kernels. Five replicate kernels were made clay that tested negative for fluorescence. Larger plant samfor each ␤-carotene concentration. One microliter of each ples, such as the variegated leaf of E. japonica and the corn ␤-carotene concentration (10-100 ng L Ϫ1 ) was spotted onto kernel, were cut to size to fit the solid sample holder. The a rice kernel and allowed to dry for a minimum of five minutes results from the replicates at each test point were averaged in the dark before scanning with the fluorometer. The average and the standard deviation from the mean computed. value obtained for the blank (unspotted, milled rice) was added to the values obtained.
Extraction and Absorption Measurements
Rice kernels for bran measurements were provided by re-
of Carotenoids from Bran searchers at Dale Bumpers National Rice Research Center and the University of Arkansas Rice Research and Extension
Bran was collected by milling the brown rice on a Grain Testing Mill (Satake, Tokyo) for 80 s. Each 0.3-g sample of Center, both in Stuttgart, AR. Preliminary experiments indicated that most brown rice samples were a mixture of individbran was ground using a mortar and pestle in 0.05% butylated hydroxytoluene (BHT) in acetone. The acetone/bran extracual kernels that were either highly positive or negative for carotenoids. Therefore, we identified cultivars with bran that tion was sonicated for 30 s and then allowed to sit at room temperature in the dark for 15 min. The extraction was centriwere exclusively carotene-containing or carotene-deficient. The lines selected were Cocodrie, Drew, and Wells (U.S. cultifuged and the carotenoids in the solvent were concentrated under vacuum at 30ЊC. Absorption measurements were made vated lines) as being uniformly carotene-deficient and Stg-S and LA-3 (weedy red rice accessions) and Liao 8801 (Chinese of the extract resuspended in hexane on a Jenway 6505 UV/ Vis spectrophotometer (Jenway, Essex, UK). Absorbances at germplasm) as carotene-containing. Fluorescence quenching measurements were made of 10 kernels from each line.
450 nm were used to calculate carotenoid concentration using ing mechanism is absorption of light by the carotenoids. The NIFI, a relative measure of carotenoid amount, increased linearly with increasing amounts of the carot-
RESULTS AND DISCUSSION
enoids, ␤-carotene, lycopene, and lutein (Fig. 3) . The Carotenoids are known to be absent in white rice (Hoa fluorescence quenching technique was optimized for et al., 2003) , and so white rice was used as a blank sub-␤-carotene so while the technique is most responsive to strate for establishing the parameters for carotenoid dechanges in its level, the other carotenoids are detected tection. Figure 2 shows the native fluorescence of an as well. intact rice endosperm (white rice) along with the absorpThe bran of the U.S. rice lines tested by fluorescence tion, or quenching, of this fluorescence by ␤-carotene spectroscopy had no detectable carotenoids, while the applied to the rice (spotted). Subtraction of the quenched Chinese germplasm and the red rice bran contained from the unquenched synchronous fluorescence speccarotenoids (Table 1) . These values for the different rice trum reveals the shape of a typical absorption spectrum lines were in good relative agreement with the values obtained by extraction (Table 1) . Although our measurements of carotenoids in rice bran are only intended as relative measures, some level tradeoff for a nondestructive technique is the impossibil- † Multiply the reported numbers by this to obtain the actual numbers.
ity of identification of specific pigments. For screening large amounts of material or for conditions where changes of quantification is possible since a background tissue in the specific carotenoid makeup is not of interest, the is available in the form of carotene-less rice endosperm.
speed and nondestructive nature of this assay method To provide an estimation of the actual content of carotis valuable. enoids in bran from the unitless values obtained by fluorescence quenching, values from Fig. 3 were used
